Background: The indigenous oral rotavirus vaccine Rotavac Ò was introduced into the public immunization system in India in 2016 and will be expanded in phases. This data will describe the epidemiology of intussusception in India in absence of rotavirus vaccination and will help in setting up or designing a safety monitoring system. Methods: Medical records of intussusception cases between 2013 and 2016 in two major referral hospitals in Tamil Nadu, India were reviewed, and data on clinical presentation and management and outcome were collated.
Introduction
The World Health Organization recommends introduction of rotavirus vaccine in national immunization programmes (NIPs) of countries with high under -five mortality due to acute gastroenteritis. As of January 2017, 84 countries have introduced these vaccines [1] . India introduced an indigenous rotavirus vaccine Rotavac Ò into the NIP in 2016 with a plan for phased expansion to the whole country [2] . This was following documentation of high burden of rotavirus associated gastroenteritis as an important cause of hospitalizations among young children in India [3, 4] . The two globally licensed RV vaccines have been documented to be associated with slight increase in risk of IS post vaccination but also outline benefits of lower morbidity and mortality due to rotavirus gastroenteritis which outweigh the risk [5] . Understanding the epidemiology of intussusception prior to vaccine introduction is important and will help with establishing surveillance for safety monitoring once vaccines are in wide use [6, 7] . In India, several studies have described intussusception in children using retrospective data, but there is considerable variability in the numbers of cases, their presentation and management in different health care facilities (Table 1) . We describe pre-vaccine epidemiology and characteristics of intussusception among children less than 5 years between 2013 and 2016 in two major referral hospitals, one private non-for-profit hospital and the other the major government pediatric referral hospital in the state of Tamil Nadu, southern India. 
Methods

Study area and participating hospitals
Case definition, retrospective data collection and analysis
Children <60 months of age with a diagnosis of intussusception in hospital records were eligible for inclusion in the analysis and were categorized using the criteria developed by the Brighton Collaboration Working Group [8] . Data were collected by study physicians from hospital treatment and discharge records to identify children diagnosed with intussusception and abstract clinical characteristics and management details using case report forms. The median (with IQR) was calculated for continuous variables and tested by Median test (SPSS 17.0) whereas proportions and frequency tables were used to summarize categorical variables. The studies were approved by the institutional review boards of the two institutions.
Results
Between September 2013 and October 2016, a total of 284 children aged less than 5 years, diagnosed to have intussusception were admitted to the two hospitals ( Table 2 , Fig. 1 ). The malefemale ratio was 2.1:1 and the median age at presentation for males was 8 months (Inter Quartile Range, IQR 6-14.2) and for females was 9.3 months (IQR 6-18.6). Overall, the median age was 8 months (IQR 6-17.2) with 49.3% (140/284) in the age group of 6-11 months and 80.3% (228/284) below two years of age (Fig. 2) .
The median time from the onset of symptoms to presentation at CMC was 1 day (IQR 0-2) and at ICH it was 2 days (IQR 1-3) . Overall, the median time to presentation for surgical cases (2 days (IQR1-3) was longer than for children who had non-surgical or conservative management (1 day (IQR 0-2; p = .003). The most frequent symptoms observed were vomiting (75.7%; 215/284), intermittent crying (57%; 162/284), passage of blood stained stool (54.9%; 156/284) and abdominal pain (52.5%; 149/284). The proportion of children with abdominal mass (p = .026), bile stained vomitus (p = .003) intermittent crying (p = .000) or irritability (p = .000) was significantly more in children admitted at ICH whereas passage of blood per rectum (p = .006) was significantly more at CMC ( Table 2 ). The classical triad of abdominal pain, vomiting and blood in stools was similar in both hospitals and seen in 19% (54/284) of cases and commonest site of intussusception was ileocolic (78.9%; 183/232).
A majority (123, 59.4%) of children at ICH underwent surgery with 8.7% requiring surgery following unsuccessful non-surgical interventions. Children who were successfully managed with non-surgical reduction had either saline (n = 54) or barium (n = 1) reduction.
At CMC, 44.2% (34/77) were managed non-surgically (Barium enema-8, 10%; Saline reduction -6, 8%, Pneumatic reduction-18, 23%; Combination [barium + saline/pneumatic] 2, 3%). Six (7.8%) children underwent surgical reduction while 17 (22%) had surgery following unsuccessful non-surgical interventions and 20 (26%) were managed conservatively.
Overall, 45.4% (129/284) cases were managed surgically, 31.3% (89/284) non-surgically, while 9.9% (28/284) were managed by conservative management. Of the 124 cases who initially underwent non-surgical procedures, 28% (35/124) required surgical management following failure of such procedures. In comparison to CMC, most of the surgical interventions were performed at ICH and the difference was statistically significant (Table 2) . Similarly, the proportion of cases that were managed with non-surgical or conservative measures in the two hospitals was significantly different. All (98.9%, 281/284) but three cases recovered. The three deaths were reported from ICH, of which two had been referred from another hospital. All three underwent surgical resection either at ICH or another hospital but died due to septic shock. The median length of hospital stay for intussusception cases in ICH was 4 days (IQR 3-6) which was significantly more (p = .000) than in CMC where it was 1 day (IQR 0-3).
Based on the Brighton diagnostic criteria, 91.5% (260/284) cases of intussusception had a definitive diagnosis (Level I). The remaining twenty-four cases (8.5%; 24/284) were probable cases (Level II). Among the probable cases, twenty-two patients had transient intussusception which had resolved before intervention (when re-checked in the pre-intervention ultrasound). In one case with a previous history of intussusception, X-ray findings were abnormal and underwent conservative management whereas another case left against medical advice prior to ultrasonography.
Discussion
World Health Organization recommends monitoring the risk of intussusception for countries introducing rotavirus vaccine [10, 11] . While pre-licensure studies of Rotavac Ò rotavirus vaccine have not shown an increased risk of intussusception, it is important that children receiving Rotavac Ò are monitored for risk of intussusception [9] . The purpose of the present study was to retrospectively examine intussusception data at two major referral hospitals in state of Tamil Nadu and gain learning that will be useful in establishing a prospective surveillance system to monitor intussusception after rotavirus vaccine introduction. The number of intussusception cases seen in the present analysis is consistent with the case burden seen at the respective centers during preceding years (Table 1 ) [12] [13] [14] . A third (32.04; 91/284) of the children with intussusception were infants aged 3-6 months of age, which overlaps with the 3 rd dose of the rotavirus vaccine schedule. While the Rotavac Ò package insert recommends vaccine till 8 months of age, administration of the rotavirus vaccine until one year of age is permitted in the national immunization programme [15] . However, a delay in the age of vaccine administration will potentially shift the risk of vaccine associated intussusception to the maximum age-associated background risk period (median age of 8 months) as seen in our study. Understanding the age overlap of this high background level of intussusceptions and the rotavirus vaccination schedule in India is crucial in interpreting intussusception data post-vaccine introduction. There were more intussusception cases reported in certain months of each year but no seasonality was noticed. The male-female ratio of 2.1:1, though higher than observed in previous studies in the same locations, was consistent with global reports [15] [16] [17] . The classical triad of abdominal pain, vomiting and blood in stools was seen in only 19% of cases which was lower than proportion reported from other parts of India [18] . Longer median time of presentation was seen among cases at ICH that required surgical reduction and this underscores the need for timely referral to hospital. Delay in intussusception management either due to delay in seeking medical attention or time-consuming referral process through primary or secondary to tertiary care centers (like ICH) in the public health system may have potentially influenced the severity and duration of illness of such children before arrival at ICH while patients may have sought private tertiary care (CMC) directly in the early stages of intussusception. The length of hospital stay was longer at ICH as most intussusception cases underwent surgical intervention. This possibly could be due to late referral and consequent worsening of the intussusception necessitating surgical intervention. Early diagnosis and referral of children suspected with intussusception directly to tertiary pediatric centers with facilities to manage intussusception should therefore be made an integral component of trainings conducted as part of the rotavirus vaccine introduction efforts.
Information on rotavirus vaccination history was unavailable in the retrospective review of medical records; therefore, it is important that health care providers who manage intussusception are made aware of the importance to collect and record details of intussusception and vaccine history. Details on onset of intussusception and vaccine exposure will help in estimating risk of intussusception following Rotavac Ò or other rotavirus vaccines.
The study had limitations in that it was done with retrospective data, and these hospitals being referral centers have children referred from all over the state as well as neighboring states and this information cannot be used to calculate a rate of intussusception. The study though, provides information on intussusception load in pre-vaccine introduction scenarios and provides important insights into the epidemiology of intussusception among Indian children in different geographic and clinical settings. Role of other potential risk factors like presence of adenovirus and rotavirus infection in the causation of intussusception could not be studied as part of this retrospective analysis but should be part of future prospective studies. Therefore, a functional surveillance system to identify intussusception occurring among vaccine recipients should be an integral component of post-rotavirus vaccine introduction surveillance for adverse event following immunization at health facilities in public as well as private settings.
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